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Local markets are access points to local agrobiodiversity and to part of the informal seed systems on which most small-scale farmers worldwide depend. With the urgent need for more sustainable food systems, detailed studies of the food plant diversity in local markets contribute to a better understanding of the role of local markets in a functioning rural food system. In particular, the products that farmers trade and also use for plant propagation are of interest, i.e., seeds and other propagules such as cuttings, pseudostems, rhizomes, or tubers purposes, since they represent our genetic capital for food production. This study aims to show the role of local markets as access points for plant propagation materials and their contribution to regional in situ conservation of local food plant resources. We analyzed the inter- and intra-specific food plant diversity of the products from local merchants in 10 markets in the agrobiodiversity rich region of the Huasteca Potosina, Mexico. We recorded 275 different food plants consisting of 99 plant species, which have a high intraspecific richness of 210 variants. The list includes 58 species that are useful for propagation. The average number of variants suitable for propagation at each market is 58.4. The results show that the different richness parameters vary within and between the inventoried markets. They correlate partially to different factors like market size and origin. We conclude that local markets in the Huasteca Potosina are important components of the rural food system by providing access to a great variety of local food plants, as well as to seeds and other propagation materials for farming. However, diversity may be threatened, because of the high average proportion of unique and rare food plants (63.5%) in the markets. Also, almost half (45.1%) of the total richness is present in <1% of the inventoried stands. Political actions are needed to maintain and promote the use and conservation of this diversity in the future.
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INTRODUCTION

Markets have always been places of gathering. In Mexico, some traditional farmer markets or tianguis (from Nahuatl tiankistli) date back to pre-Hispanic times when long-distance traders and their human carriers traveled across multiple regions, providing access to natural resources from different ecological zones. The economic activities at these markets involve cultural exchange, based on traditional knowledge, of products with commercial value and social significance. As such, tianguis or local markets were and still are “strategic focal points for evaluating society, economy and production systems which impact the relationship between plants and people” (Linares and Bye, 2016; Colin-Bahena et al., 2018).

Local and regional tianguis are places where small-scale farmers market their surplus produce. Contrary to big food supply chains and supermarkets that have become the main places to purchase food in the modern food system, local markets form a vital part of the traditional food system and are important food sources for the rural population (Maxwell and Slater, 2003; Ericksen, 2008). Local markets contribute to food sovereignty by providing access to local and regional food plants produced by small-scale farmers who apply traditional management practices. These practices promote associated biodiversity in the agricultural landscapes (see Chappell et al., 2013; Fanzo et al., 2013).

Local markets also function as access points and distribution centers for local plants and seeds (FAO, 2012; McGuire and Sperling, 2016). They are the principal sources for seeds and planting materials from outside the smallholders' communities and for some crops they even represent the most important supply source (e.g., FAO, 2016; Kansiime and Mastenbroek, 2016). Local markets become even more important during stress periods that cause shortages in farmers' seed stock and in the supply from social networks (Kansiime and Mastenbroek, 2016). Furthermore, they offer a wide range of plants and seeds from different farming communities in a centralized place, which promotes local and regional seed and plant flow, and makes them especially important as seed sources in a situation of post-crisis (McGuire and Sperling, 2013). However, local markets are neglected in seed system literature. The use of planting material from local markets is not sufficiently acknowledged in formal research and the seed sectors (Sperling et al., 2020).

Two main groups of seed supply systems exist: the formal and informal or traditional systems. The formal seed sector consists of improved and certified seeds produced by scientific breeders and distributed by private companies or through governmental interventions. The informal seed sector includes mainly local varieties, which are saved and distributed through farmers' social networks and local markets (FAO, 2016). The informal seed sector still plays an important role in seed access and distribution in the developing world, especially for the 475 million small farms (<2 ha) that belong to family farmers of a total of 570 million farms worldwide (Lowder et al., 2014). Different studies show that most farmers (75–90%) in the Global South depend primarily on seed and planting materials from the informal seed system (Almekinders et al., 1994; Sperling and McGuire, 2010; Poudel et al., 2015), as they obtain seed and planting materials from their own stock or from neighbors, relatives, and local marketplaces. Farmer seed circulation networks, which include local markets, facilitate access to new varieties and landraces (McGuire and Sperling, 2016). Since the beginning of agriculture, trading networks enable the dissemination of new crops, and their related technical knowledge. They even boost domestication processes, e.g., those reported for the case of Nubian cotton, when the Roman trade of cotton from India encouraged Nubian farmers to domesticate their own local cotton (Van der Veen, 2011; Meyer et al., 2012).

Fostering agroecological development and promoting the transition processes to more sustainable agricultural production involves access to local seed sources (Sperling and McGuire, 2010). Next to conditions such as access to agroecological knowledge, access to land, governmental support, and solidarity markets (FAO, 2018b; Anderson et al., 2019), agroecological transformation and scaling depend on native or local seeds as a non-replaceable good linked to multiple dimensions of the agroecosystem (Chable et al., 2020). One main advantage of autochthonous plant propagation resources is their optimal fitting to the local cultural and environmental setting with its particular biotic and abiotic conditions because they were keenly selected over time and coevolved with farmers' needs and preferences (Cleveland et al., 1994). A further advantage is the propagation of these local seeds and plants by the farmers themselves. This strengthens farmers' seed sovereignty, autonomy, and flexibility in decision making, while at the same time reducing their dependence on external inputs like new seed materials, fertilizers, and chemicals for pest control (Cleveland et al., 1994; Adhikari, 2014). The use of local seeds contributes to the conservation and evolution of traditional knowledge on farming management practices but also of the preparation and processing of traditional foods and beverages. Traditional food plant diversity keeps agroecological knowledge vivid and evolving. In sum, local plant materials and seeds are the fuel for social-ecological networks in agricultural societies in which agroecology is practiced, which is necessary for agroecological scaling (García López et al., 2019).

Mexico counts over four million family farms, representing 78.6% of the total agricultural production units. Most of these family farms (73.0%) are dedicated to agricultural production. Here, Indigenous and other small-scale farmers manage a high diversity of food plants in integrated agricultural-forestry systems, mainly providing subsistence diets (Altieri, 2002). Farmer and community-based seeds still play a central role in these agricultural-forestry systems, even when the country has an advanced formal seed development and supply system. Formally certified seed supply is mainly limited to some selected key crops like maize and bean. Commercial seeds are often not well accepted by the local farmers as they show a weaker performance regarding adaptation to local environmental conditions and management practices. Also, they are considered to have a less favorable taste and flavor (Bellon, 1996; Louwaars and de Boef, 2012; Coomes et al., 2015).

Despite the cultural importance and the diversity of products offered in the local markets, detailed inventories of market products are scarce and focus on medicinal plants and some selected food groups (e.g., Martínez-Moreno et al., 2006; Hernández-Rico and Moreno-Fuentes, 2010; Juárez Hernández et al., 2014). In Mexico, but also worldwide, complete and recent surveys that include information on intraspecific diversity in local markets are still missing. This hinders the understanding of “the role of these markets” in the access to food plant diversity in general and to plant propagation resources.

This study investigates the contribution of rural markets to the use and in situ conservation of local food plant resources. Local food plant resources include native and non-native food plant species, as both are part of the local diet and traditional knowledge system. Based on a case study, we show the reservoir of food plants on the tianguis in the Huasteca Potosina, Mexico, displaying their role as an important supply source of planting materials and seeds for local farmers. We analyzed the inter- and intraspecific food crop diversity of the commercialized products in 10 local markets. By “products,” we mean food plant species and variants that are merchandised in their complete natural form or parts (seeds, leaves, and fruits). We did not include processed foods. Emphasis was put on food plant propagation resources.



METHODS


Site Selection and Data Collection

For this study, we selected 10 local rural markets mentioned as important seed sources by key informant farmers in a previous study (Heindorf et al., 2019). All these local markets are situated in the Huasteca Potosina region in the southeastern part of the federal state of San Luis Potosí in Mexico (Figure 1). The Huasteca Potosina is an environmentally heterogeneous tropical mountainous region covering different vegetation types (Table 1). Most small-scale farmers in the Huasteca Potosina apply traditional management practices and manage a highly diverse agroecosystem. They usually do not depend on external inputs like fertilizers, pest control, or machinery but manage their agroecosystem based on agroecological methods and traditional knowledge. The use of native seeds is predominant (Heindorf et al., 2019).


[image: Figure 1]
FIGURE 1. Location of the markets in the Huasteca Potosina included in this study and the communities of origin of the local merchants.



Table 1. Characteristics of the research sites.

[image: Table 1]

Most of the markets included in the study belong to municipalities where the population is predominantly of Tének (Huastec Mayan) origin, yet marketplaces are arenas for social interaction between members of various ethnic groups (Table 1). Due to the seasonal effect in the variety of products, each of the 10 markets was visited twice, the first time during the rainy season (mainly May–August) and again at the end of the rainy season and the beginning of the dry season (mainly in November–May). At each market, all stands were counted and assigned to different stand types depending on the product category offered (e.g., fruits and vegetables, medicinal and ornamental plants, fish and seafood). In our study, a stand is a spot where people sell their products, which can be either a formal market stall, a place on the ground, or in the streets.

As the research focused on the rural markets as access points to local seed and plant variants, we included only local merchants and their products in this study. By local merchants, we refer to people from the surrounding rural communities who offer fruits and vegetables cultivated in their managed agroecosystem complex. Some offer the products from other farmers of their communities as well. Also, they may resell regional products purchased in urban centers. By non-local merchants, we refer to people who sell mainly food and products produced outside the region. Most of the non-local merchants do not live in the surrounding rural communities. Local merchants usually cannot afford to rent fixed market stalls with furniture to accommodate their products (Table 1, Figure 2). Instead, they display their products on wooden boxes or blankets on the ground or walk around to offer their merchandise (Pérez Castro, 2005). After a random selection process, we inventoried 63.3% (SD = 17.6) of these stands or selling points.


[image: Figure 2]
FIGURE 2. Examples of stands with products offered by local merchants in the rural markets of the Huasteca Potosina.


We interviewed 262 local merchants to obtain general socio-demographic data and information on the origin of their products. We recorded the edible inter- and intraspecific food plant diversity of each of their stands, together with the local names and descriptions. Local collaborators accompanied us during the market visits and interviews, as they are acquainted with local varietal descriptors and have expert knowledge on local food plant diversity. In several cases, interviews were exclusively held in Tének because local merchants were more familiar and at ease with their Indigenous language.

For some key crops in the region, planting material is not available at the local markets (e.g., banana cuttings). Likewise, not all food plants at these markets serve as propagation materials (Sperling, 2008). To show the contribution of local markets in the procurement of seeds and plant products and information about the suitability as plant propagation materials, we considered data from our main research project with 33 local farmers about the used plant propagation materials and the provenance of more than 1,700 inventoried food plants and their variants (Heindorf et al., 2019, in preparation).



Data Analysis

Our data on food plant diversity from the local merchants comprise both intraspecific crop diversity and total food plant diversity. Intraspecific diversity includes all food plants that have more than one recognized variant in the markets. We also analyzed market products that serve as propagation materials (e.g., seeds and other propagules).

We calculated food plant diversity for each market based on the Simpson Diversity Index (Magurran, 1991).

[image: image]

To calculate relative abundance (pi), we used data on the presence-absence of plant species in the inventoried stands (Evangelista et al., 2012):

where pi = [image: image]

n = number of stands per market where the species i was recorded.

N = number of all stands per market.

Then, we calculated the Simpson Diversity Index separately for farmers' recognized variants (DFVar)

where pi = [image: image]

N = number of all stands per market.

n = number of stands per market where the variant i was recorded,

as well as for species of the seed and plant propagation materials (DProp)

where pi = [image: image]

N = number of all stands per market.

n = number of stands per market where the species of the seed and plant propagation materials i was recorded.

We created a rank-frequency curve to show species distribution. Linear regressions of diversity parameters, market size, and the number of local merchants complement the results. Furthermore, we present clustering heat maps to visualize species composition within each market and show the similarity of species composition and distribution among the 10 markets. We used Ward's method algorithm and Euclidean distance measure. The heat maps were modeled with the “pheatmap” package in R 4.01 (https://cran.r-project.org/). Additionally, we used Sigmaplot 14.0 (https://systatsoftware.com/products/sigmaplot/) and Past 3.20 Software (https://folk.uio.no/ohammer/past/) to calculate the diversity index and correlations.




RESULTS

In the Huasteca region, tianguis are local markets that operate on a rotating basis on separate days of the week in each location without competing with each other; on Sundays in the more important localities such as Ciudad Valles, and distributed over the rest of the weekdays in smaller places. In this regional market system, the most important local markets are centers for resource concentration and redistribution where products from different ecological zones converge. The smaller markets are less diverse and depend upon the more important ones for product provision.

Local markets are also called plaza, as they are often installed in the town's main square. In the Tének language, they are named bichow (lit. town, city) or nujumtaláb. Besides their importance for purchasing fruits and vegetables, markets are essential places to buy products that are not locally produced and thus connect with the globalized economic system. They are selling points for cheap, low-quality globalized industrial goods, such as sunglasses, jewelry, toys, music CDs, and plastic articles (Pérez Castro, 2005), presented next to traditional comales (clay or metallic griddles), candle holders, palm fiber fans, and other local handicraft products. Also, one can find stands with imported second-hand clothing and shoes, haberdashery products, or fabrics. Similarly, the agro-livestock sector offers local produce where people sell piloncillo (brown sugar), live birds, aromatic herbs, dairy products, and a great variety of chilis, among many other items (Pérez Castro, 2007). In small on street restaurants and stands on the market, women prepare traditional regional foods and beverages such as atole, sweet corn tamales, and zacahuil (the largest tamal of Mexico, of about 150–200 portions prepared as a special dish during festivities).


General Description of the Local Markets

The 10 markets are characterized by numerous stands with different products (Figures 1, 3). They have an average number of 252.1 stands, ranging from 70 in Tampaxal to 538 stands in Ciudad Valles, the biggest and most important market town in the Huasteca Potosina (Table 2). The others include marketplaces in municipal capitals but also a relatively large one in a village along the main road (Huichihuayán) and two more in smaller villages in remote areas (Tampaxal and Tamápatz). The highest proportion of stands include clothing, shoes, and accessories (20.5%) (Figure 3). Still dominating the rural market character (37.3%) are stands that offer agricultural goods (including products from local merchants, medicinal and ornamental plants, seasonings, coffee, and seeds). The average proportion of stands run by local merchants, who offer mainly local alimentary agricultural products, is 17.7%. Stands with commercial fruits and vegetables, offered by non-local sellers, comprise 11.4%. However, the high SD-values indicate that market structure and composition vary from market to market. For example, in Aquismón, the proportion of local merchants is the lowest (7.7%), whereas in Huichihuayán, the proportion of local merchants exceeds a quarter of all stands (25.6%) (Figure 3 and Table 2). Regarding the proportion of local stands, linear regression shows a significant correlation between the number of total stands and the number of stands run by local merchants (R = 0.89 with P < 0.001).


[image: Figure 3]
FIGURE 3. Mean of the proportion (%) of stand types in 10 rural markets in the Huasteca Potosina.



Table 2. Inter- and intra-specific richness and diversity of local food plant diversity in 10 rural markets of the Huasteca Potosina.
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General Description of the Local Merchants

The local merchants offering local agro-alimentary products have an average age of 48 years (SD = 16.1). Most of them are of Indigenous origin, with a majority of Tének (61.1%), followed by Nahuas (31.3%), and a minority is of non-Indigenous origin (7.6%). The proportion of women is almost two-third (64.5%) and the average distance from the merchant's community to the markets is 20.5 km (SD = 20.6 km), ranging from <1 to 178 km. On each market, the local merchants come on average from 12.3 (SD = 5.2) communities. During one market day, each local merchant sells an average of 7.43 (SD = 4.12) different products for a value of 674.0 MXN (28.2 US-Dollar) with an SD-value of 509.1 MXN and ranging from a minimum of 26 MXN to 2,970 MXN. On average, the local merchants go out to sell 1.89 (SD = 1.72) times each week. Most of them (82.4%) sell their products on one single weekly market. For the great majority of them, this is their only income opportunity (94.3%).



Food Plants Provenance

Regarding the provenance of the recorded products, over three quarters (77.3%) are cultivated by the local merchants themselves, which shows the predominance of direct marketing (Figure 4). The most important production systems are the milpas and home gardens, where almost two-thirds (66.2%) of the products derive. Both systems are the principal production units for grains and regional staples. For example, most maize and bean variants are produced in the milpa fields. Maize, if not bought in other places, derives exclusively from the milpa fields (71.1%), as well as 74.4% of all the bean species (Phaseolus spp. and V. unguiculata). Other species that are mainly produced in the milpas include vegetables like tomato (Solanum lycopersisum, 87.2%), winter squash (Cucurbita moschata, 82.6%), edible weeds like amaranth leaves (Amaranthus hybridus, 76.9%), chilis (Capsicum spp. 55.9%), and nopal cactus (Nopalea cochenillifera, 55.6%).


[image: Figure 4]
FIGURE 4. Provenance of the products from local merchants in 10 rural markets in the Huasteca Potosina.


Typical market products that are cultivated in the home gardens include regional staples like chayote (Sechium edule, 45.7%) and fruits like banana and plantains (Musa sp., 50.8%), and mango (Mangifera indica, 69.2%). The te'loms and fincas are the main suppliers of coffee (Coffea sp., 51.4%) and more than 80% of the recorded wild chili species (C. annuum var. glabriusculum). Crops that are not very common in the region, like chard (Brassica oleracea, 95.5%) or beetroot (Beta vulgaris, 80%), cultivated in more temperate zones, are purchased in other places outside the merchants' village or directly on the market from non-locals. The same applies to recently introduced crops like litchi (Litchi chinensis, 91.7%).



Local Merchants and Food Plant Diversity

The total food plant diversity on the 10 local markets covers 275 plant types consisting of 99 different species. They include 65 plant species with no intraspecific diversity (only one variant) and 34 species with ≥2 variants. The total number of variants that belong to species with intraspecific diversity is 210. The average number of variants per species is 2.12. Some species have a distinctly higher number of variants than average. These species include chayote S. edule, 51 variants), winter squash (C. moschata, 25), mango (M. indica, 12), and scarlet runner bean (P. coccineus, 11). Almost a third of all recorded plant species are fruits including berries (30.3%), and a quarter belongs to herbs and condiments (25.3%). We also recorded eight edible weed species (Figure 5A). Results differ when including the records of variants. In this case, grains, and regional staples (46.7%) dominate the product range of the local merchants, followed by herbs and condiments (21.7%), and fruits and berries (16.4%) (Figure 5B).


[image: Figure 5]
FIGURE 5. (A) Usefulness of all documented plant species as propagation material. (B) Categories of edible plant species and variants from local merchants in 10 rural markets in the Huasteca Potosina. Note that the categories and grain and regional staples also include species like Sechium edule and Nopalea cochenillifera.


The average number of total plant types recorded per market is 87.3. This includes an average of 39.8 plant species. Worth mentioning is the high average of intraspecific richness with 69.5 variants per market (Table 2).

The high SD-values and the fact that the markets differ in size and the number of local merchants (Table 2) lead to suggest a correlation between these parameters and richness measures. Indeed, there is a statistically significant correlation between the total number of stands (market size) and the total richness of food plants of the local merchants (R2 = 0.74 and P < 0.01). The correlation is less strong for intraspecific richness (R2 = 0.64 and P < 0.01) but is still statistically significant. However, bigger markets do not necessarily provide access to a greater number of plant propagation materials (R2 = 0.37 and P < 0.1). Apart from market size, the number of local merchants is also related to the different richness parameters. A statistically significant and strong correlation exists between the number of local merchants and both the recorded total richness (R2 = 0.85, P < 0.001) and intraspecific richness (R2 = 0.80, P < 0.01). The number of local merchants and the richness of seeds and plants used for propagation showed a lower correlation (R2 = 0.50, P < 0.05). The number of different home localities of the local merchants and where they bring most of their products from does not correlate with the number of total richness (R2 = 0.27, P < 0.2) nor with the propagative materials offered (R2 = 0.26, P < 0.2).

The rank frequency curve demonstrates that almost half of all registered food plant types (124, 45.1%) was found in <1% of the 262 inventoried stands. Concerning the diversity subclasses, ~40% of the variants, botanical species, and species useful for propagation is offered by <1% of the local merchants (Figure 6).


[image: Figure 6]
FIGURE 6. Proportional rank-frequency curve of different richness parameters of the food plants from local merchants in 10 markets in the Huasteca Potosina.


Of all recorded plant types, a few very frequent species and variants include the local coriander variant (Coriandrum sativum), found in more than a third of all stands (35.1%), followed by mint (Menta aff. spicata, 24.2%), bird chili variant (C. annuum, 18.3%), and wild chili (C. annuum var. glabriusculum, 14.8%). Regarding the species with propagation potential, S. edule (48.1%) is the most representative species available on the markets, followed by coriander (C. sativum, 41.2%) and chili (C. annuum, 35.1%). Nopal (Nopalea cochenillifera, 34.7%) is the most frequent species without propagation potential, for only its tender cladodes are sold.

A list of all recorded food plant species and variants is also presented in the heatmap cluster in Supplementary Material 1. The heatmap shows three main clusters and probably two reasons for their formation: market size and the local merchants' community of origin. The biggest markets, Ciudad Valles (VAL) and Xilitla (XIL), are clustered together as well as medium-sized markets like Tancanhuitz (TCH) and Axtla de Terrazas (AXT). However, one market, Aquismón (AQM), is very different in terms of its composition. This can probably be explained by the fact that most of its local merchants come from only one community, Jom te' Eureka, and these merchants were not present in the other markets. This would also explain why Tamápatz (TMZ), even though a relatively small market, forms part of the cluster of Xilitla and Ciudad Valles, because several of the local merchants who offer the products on these markets share the same community of origin. The heatmap also shows that only a few food plant species share a high abundance in almost all markets (e.g., S. edule) while many others have low abundance in each market and a low overall distribution (e.g., Ardisia venosa), which underlines the results of the rank-frequency curve. Interestingly, some exceptional cases occur, like the markets in Tampaxal (TMX) and TMZ, where S. edule and Coffea sp. were not recorded even though they are very frequent on all the other markets.

The Simpson diversity index confirms and complements the aforementioned results (Table 3). The values are high, especially for the total of all edible plant types. It indicates that almost no dominant species or variants were inventoried. In the case of the diversity of species with propagation potential, the average value is slightly lower and can be explained by the fact that some species, for example, S. edule and C. moschata, are more frequent on each of the markets (see also Supplementary Material 1, Figure 7), which decreases species evenness.


Table 3. Distribution of the food plant species useful for propagation in the markets in the Huasteca Potosina.
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FIGURE 7. Heatmap cluster displaying the proportion of local merchants in 10 local markets of the Huasteca Potosina who offer species with intraspecific diversity that are used as propagation material. Clustering heat maps were created using Ward's method algorithm and Euclidean distance measure. The dashed lines separate the end groups. The intensity of the red fillings according to the scale shows the proportional abundance. The number in the quadrants represents the number of total variants of the listed species at each market, and the number in brackets the total number of variants in the 10 markets. The numbers below the diagram refer to the total number of species with intraspecific diversity and propagation potential in each market.




Diversity of Plant Propagation Materials

More than 1,700 data points registered from food plant species and variants of 33 farmers in the region (Heindorf et al., 2019, in preparation) testify that almost half of them derived from the farmer's own stock (46.2%), more than a third from different sources in the farmer's village (33.3%), and 16.7% from outside the village. Most of the seeds and plants from outside the village were obtained from local markets (53.8%), where local merchants were the main sources for seed and plant materials (92.9%). The number of species obtained from local markets for propagation purposes was 50. The species with the highest level of occurrences within this group include Phaseolus coccineus (36.7%), Vigna unguiculata (36.0%), Carica papaya (30.4%), Persea americana (19.6%), and Zea mays (17.0%).

Our market inventory data show that not all products sold by the merchants serve as plant propagation materials. More than half of the 99 plant species recorded can be used partially (27.7%) or in all cases (30.3%) as plant propagation materials (Figure 5A). This depends mainly on the type of processing. For example, cooked chayote (Sechium edule) plants and fresh maize (Zea mays) cobs cannot be used for propagation purposes, whereas the uncooked chayote plants and dried maize seeds maintain their propagation potential, thus both species were considered as partially useful for propagation. The proportion of useful and partially useful material is highest for fruits and berries (90%) and grains and regional staples (83.3%). Edible weeds like Ipomoea spp. cannot be propagated (0%) if purchased on the markets, neither can many vegetables and herbs and condiments (Figure 5A).

The average number of species useful for propagation per market is 23.0. The average intraspecific richness of 58.4 for these species clearly exceeds the number of 6.7 for species with no intraspecific diversity. The average number of unique species and variants with propagational use within the same market is 34.6. The number of rare species and variants is slightly lower with 28.9. Only a few common food plants (1.6) that can be used as plant propagation materials can be found in more than 60% of the stands from the local merchants (Table 3). The clustered heat map (Figure 7) illustrates which species with intraspecific diversity have the highest coverage on each market. It shows that only a few species, e.g., S. edule or C. annuum, are frequent and abundant on all the markets. An exception is the market of Tamapaxal (TMX), which does not show the presence of S. edule or a higher abundance of C. annuum, which explains why this market forms a completely separated cluster. It is also the market with the lowest total number of species with propagation potential and does not show a high number of variants. There are two other main clusters with up to five end groups. Each endgroup includes markets with similar species composition and species distribution. For example, the markets of Tamápatz (TMZ) and Aquismón (AQM) share a high proportion of C. annuum. Huichihuayán (HUI) and Axtla de Terrazas (AXT) belong to the same end groups, as both markets have a lower richness and frequency of some fruit species (e.g., Citrus spp. and Persea spp.) and tubers (Manihot esculenta) but are the only places where all the bean species are available. However, the proportion of local merchants who offer P. dumosus and P. coccineus is highest for Xilitla (XIL). The other end groups of this cluster offer most of the propagation materials, ranging from 18 to 23 species. Moreover, it is shown that the biggest market, in Ciudad Valles (VAL), has the highest proportion (40%) of local merchants who sell Cucurbita moschata. However, Figure 7 also demonstrates that the value of the proportional abundance of a species does not necessarily mean that the varietal diversity of the species is equally high. For example, Aquismón has the highest proportion of local merchants offering S. edule (71.4%), but only 19 variants, whereas in Axtla de Terrazas chayote is offered by less local merchants, yet with a total of 35 recorded variants. A similar case is Ciudad Valles with 32 chayote variants. Results of linear correlations of the number of local merchants offering the propagation materials of a species with the total number of variants of this species show a statistically significant and strong correlation for C. moschata (R2 = 0.87, P < 0.001), but not for chilies (R2 = 0.18, P > 0.2) and chayotes (R2 = 0.33, P < 0.1).




DISCUSSION


Local Markets in the Huasteca Potosina as a Reservoir of Local Food Plant Diversity

As in other parts of Mexico, the markets of the Huasteca (Supplementary Material 2) offer a wide range of different products without losing their original function, which is being a platform for local farmers to sell their agricultural surplus derived from a variety of land use systems (Figures 2, 3). We identified seven different food product categories offered by local merchants, consisting of healthy and diverse products. These are made accessible to the consumers and contribute to local food and dietary diversity and nutrition security (Ambikapathi et al., 2019). In this regard, it is worth mentioning that some of the recorded edible weed species are rarely found outside the local markets. These are often rich in healthy nutrients (e.g., A. hybridus, Rumex crispus) (Ranhotra et al., 1998; Akubugwo et al., 2007) but are usually not available outside the region, because they have to be consumed shortly after harvesting. Some of these edible weeds (long-shaped and round-shaped suyo, Ipomoea spp.) are culturally important but are poorly known and not consumed outside the research area. Even though it is often stated that access to and use of neglected and underutilized crops (NUS) contribute to a more secure food supply and poverty alleviation, detailed studies on their contribution to nutritional benefits and income generation are missing (Padulosi et al., 2002; Heywood, 2013). Filling these knowledge gaps is necessary to enhance policy engagement to support local markets that still provide access to a wide variety of food plants and income for small-scale farmers who produce them on their fields or recollect them from the wild environment.

Our results show that the swidden milpa is the land use system from which most edible plant products originate (43.3%), followed by home gardens (22.9%) (Figure 4). This is congruent with the results of a market study in central Mexico (Colin-Bahena et al., 2018). In the Huasteca Potosina, the proportion of stands run by local merchants (17.7%) who offer food plants is higher than those of non-local merchants (11.4%) (Figure 3). Most of their goods is self-produced, which contrasts with studies about markets in bigger municipalities and towns with more infrastructure and where the number of purchasing and reselling activities increases (Guadarrama Martínez et al., 2017; Martínez-Moreno et al., 2019). Like in other parts of Mexico (e.g., Gómez Sosa and Arellanes Cancino, 2018), the better part of the local merchant population is female (64.5%).

The high proportion of local merchant population, mainly Indigenous, who offer products from their own land use systems may also explain why almost half of the recorded plant species (48%) originated in the diversity centers and centers of domestication within the American continent, including Mexico. This is similar to the results from Whitaker and Cutler (1966), who, several decades ago, recorded a high proportion of New World plants (42%) and native plants in the market of Tehuacan, Puebla, Mexico. For the markets in the Huasteca Potosina, this trend is ongoing. However, some important food crops did not originate in Mexico but are usually considered native and form part of the local food crop diversity. Those species include, for example, bananas and mangos, also frequently cultivated by the local people and with a high intraspecific richness.

In the Huasteca Potosina, the total species and variant richness of the food products from local merchants is high, counting 275 food plant types that belong to 99 plant species. These can be subdivided into 65 species with no intraspecific diversity and 34 species with intraspecific diversity. Other market studies in Mexico recorded between 59 and 106 plant species (Supplementary Material 2). Differences in sampling size (number of stands) and focus group (whether including non-local merchants or not) may explain the elevated numbers of some of these studies. For example, inventories of the food plant diversity from non-local merchants would include species like apples (Malus domestica) or grapes (Vitis vinifera), which are often brought from outside the region but not offered by the local merchants in the Huasteca Potosina, who focus mainly on locally or regionally produced fruits and vegetables.

The elevated number of variants shows the importance of intraspecific richness found at the local markets and was also reported by different authors for other markets in Mexico (Supplementary Material 2). Culturally more important crops in the region have a higher intraspecific richness. It is worth mentioning that the total number of chayote (S. edule) variants is 51, which exceeds by far the number reported in other studies. For example, Juárez Hernández et al. (2014) recorded 0–13 chayote variants in seven different markets in the Oaxaca Valley, which is known for its varietal diversity of this particular food crop. In our study, the number of variants is between 0 and 35 variants per market.



Heterogeneity of Local Markets in the Huasteca Potosina

The local markets differ in stand composition and structure. On average, 87.3 plant species and variants per market were recorded, but numbers vary considerably between the markets (Table 2). Bigger local markets offer a higher overall richness of food plant products. Further, the number of local merchants is positively correlated to the total richness as well. This should be taken into consideration to promote the participation of local merchants, who are the main contributors to the food product diversity and prevent a homogenization of markets and a dominance of “long-distance products” from outside the region, which is linked to the loss of crop diversity (Goland and Bauer, 2004). Access to markets is a well-known problem (Almekinders et al., 2009). In the Huasteca Potosina, infrastructure is challenging, and local transportation is often expensive. For example, local transportation costs are ~200 MXN to bring products to a market 40 km away, whereas local merchants sell an average of 509 MXN per day. Strategies to provide accessible transportation during market days are needed to make local agrobiodiversity accessible to a broader population.

Nevertheless, the role of smaller local markets should not be dismissed. They are often located in remote areas, like the markets of Tamapaxal and Tamápatz, and are important access points to fruits and vegetables for marginalized communities. The number of unique species and variants does not depend on the market size, probably because merchants in smaller markets focus on more selective products to enhance the selling probability. Further, the high number of food species and variants that are presented in <1% of the stands shows that every local merchant at each market contributes significantly to access to regional agrobiodiversity.

However, the number of different home localities of the local vendors is not positively correlated with the total richness of food plant products. The land use systems in the Huasteca Potosina are embedded in a highly heterogeneous landscape with significant differences in the crops cultivated within the same locality (Heindorf et al., 2019). This may also explain that product diversity on the marked is high, especially at the intraspecific level, even when farmers come from the same few villages. Yet, composition and abundance at the species level may be similar as shown in the case of the market in Aquismón. Here, most vendors are from the same locality and focus on species like the nopalea cactus (N. cochenillifera) or coriander (C. sativum) (Supplementary Material 1), but rarely offer their products in other markets, a reason why this market was clustered separately.

As shown in Supplementary Material 1, species proportion per market is not necessarily an indicator for its intraspecific diversity. Some specialized local merchants bring many different variants of one species and can be considered key distributors of crop genetic diversity. For example, in Ciudad Valles, <50% of the local merchants sold S. edule, but the intraspecific richness was considerably higher (32 variants) than in the market of Aquismon (19 variants), where more than 70% of the local merchants sold S. edule. Those key local merchants play a similarly important role as their counterparts in the field which refer to some very specialized farmers with a high number of variants of a particular crop (Heindorf et al., 2019).



Local Markets and Access to Plant Propagation Resources

Our results show that local markets in the Huasteca Potosina are crucial to access and use plant propagation materials, including 58 plant species. They constitute the most frequent source to obtain plant propagation resources outside the farmer's village. This evidences their important role as part of the informal seed system (Dalton et al., 2016; FAO, 2016; Kansiime and Mastenbroek, 2016). According to Kansiime and Mastenbroek (2016) and FAO (2016), local markets are especially important to access bean and maize seeds, but less important to access vegetatively propagated crops. In the Huasteca Potosina, some bean species (e.g., P. coccineus 36.7%, Vigna unguiculata 36.0%) and maize seeds (Z. mays (17.0%)) are also frequently obtained from local markets, next to locally relevant fruits such as C. papaya (30.4%) and P. americana (19.6%). To a lesser extent, our list includes commonly vegetatively propagated crops like I. batatas (4.1%) or Manihot esculenta (4.1%) that are partially obtained from local markets.

Farmers' preferences for local varieties are strongly linked to their favorable features in taste and adaptation to the local agro-ecological conditions (e.g., Badstue et al., 2006; Sibiya et al., 2013). These preferences are not sufficiently acknowledged in formal breeding programs and the supply of improved or certified seeds. Hence it is not surprising that commercial seed production and supply play a minor role for small-scale farmers and subsistence farmers in the Global South (e.g., Almekinders et al., 1994; Poudel et al., 2015; McGuire and Sperling, 2016; Hoogendoorn et al., 2018). Even seeds for staples from formal suppliers and that are accompanied by efforts to promote commercial seed distribution constitute only a small portion of the farmers' seed materials (Louwaars et al., 2013; Coomes et al., 2015). For farmers in the Huasteca Potosina, the provision of commercial maize seeds is irrelevant, because most of them cultivate local crop varieties (Heindorf et al., 2019). If seeds or planting materials are acquired outside their village and not from their own stock, local merchants are the main important source (92.9%), probably because goods offered by non-local merchants do not correspond to farmers' needs. At each market, we found an average of 58.4 variants of propagation materials, which underlines once more the significance of local markets to assure access to locally adapted and culturally accepted variants.

The overall food plant diversity used for propagation also includes neglected and underutilized crops (NUS). NUS are important at the local level but often lack presence in formal seed systems and are neglected in science and breeding efforts (Mabhaudhi et al., 2017). Yet, NUS have several advantages, such as better agro-ecological performance and a high nutritious value (Ebert, 2014). Their incorporation into the food system above the local level would also contribute to the diversification of a global food system that depends mainly on a handful of major food crops (the big three include rice, maize, and wheat), covering ~90% of the daily calorie intake of the world's population (Monfreda et al., 2008). The FAO (2018a) recently recommended increasing the availability of high-quality seeds and planting materials of NUS. Besides the farmers' personal networks, local markets included in this study already provide this access to underutilized crop species like chayote and plums (Spondias spp.), including local variants that are not considered in the formal seed supply system in Mexico. The inventoried food plants also include species with recalcitrant seeds that are difficult to supply and cannot be conserved and stored by conventional methods such as drying or freezing. To this group belong, for example, the recorded P. americana and L. chinensis, as well as the underutilized crops that were mentioned before, like C. papaya and S. edule.

As shown by the different correlations, the number of plant propagation materials per market does not depend on market size, the origin of the merchants, or the total number of food plant richness of each market. However, as shown in Figure 7, each market provides a specific supply of seed and plant material in the region. We also recorded a high number of unique plant species and variants propagation materials within each market, and the rank-frequency curve (Figure 6) shows the same trend among all the different markets in the region. Hence, each local merchant is a valuable conveyer of local genetic resources to be passed to other local farmers who frequent these markets. Local markets facilitate open access to those resources to a broader public. In Mexico and other countries, access to local seeds is limited because they can often only be found in the local communities in remote areas. Markets are platforms outside the communities that link local producers and consumers from elsewhere, who may depend exclusively on these sources to gather locally adapted seed and plant material. Therefore, local markets should be considered an option to gather plant propagation materials for home gardens and agroecological projects in the region. Very often such projects are initiated by lifestyle migrants, i.e., people moving to places that are perceived to provide a better or different lifestyle (Santiago, 2017), who have not yet established a well-functioning seed network or seed stocks of their own.

Especially in tropical climates, seed storage is challenging, and markets can serve as backup access points when seeds are lost due to failure in storage. Likewise, they may play a vital role in disaster situations (e.g., after droughts, hail) to gather plant propagation materials when farmers' own stock is destroyed (McGuire and Sperling, 2013). During this present SARS-CoV-2 pandemic, local markets in the Huasteca Potosina were suspended or significantly reduced for several months. This may have three main market-related implications for the local people: reduced access to diversified food; shrunken income opportunities; and loss of access to seeds, as farmers who lost their seeds and cannot substitute this loss by accessing other sources within their villages will not be able to harvest in the following season. Until now, these are assumptions that should be investigated further. New insights on this topic are essential to guide political decision-making processes that respect both the immediate response to local health issues and the midterm and long-term response of the local food systems to crises. The decisions should take into account that local food production and their commerce in local markets provide income, genetic resources, and food, besides their cultural importance.

Local markets in the Huasteca Potosina are important components of the rural food system and farmer's seed network by providing income, access to a great variety of local foods, and access to seeds and plant materials for farming. They strengthen local propagation materials sovereignty and broaden the options to achieve nutrition and dietary diversity. The diversity made accessible by local merchants is high, especially at intraspecific level, and is partially correlated to other factors like market size and provenance. However, the high proportion of unique and rare food plants within and among the markets shows that food plant diversity in the local markets is not a guaranteed resource and may be threatened. To maintain and promote the use and conservation of this diversity in the future, political actions are needed, e.g., to support market access and rural infrastructure.
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